demonstrated a hemagglutinin in pus from ten cases of cat scratch disease which was inhibited by antiserum to the agent and by sera from some cases of the disease.
The present report concerns the properties of a hemagglutinating virus, which is antigenically related to herpes simplex, encountered in chick embryos inoculated with pus from suspected cases of the disease. The virus is demonstrable only by hemagglutination of rabbit and rat red cells after inhibitors are removed from the allantoic fluid and lacks the typical virulence and cytopathogenic properties of herpes virus.
MATERIALS AND METHODS
Preparation of hemagglutinin. Pus from infected lymph nodes of three cases of suspected cat scratch disease, previously reported by Dodd, Graber, and Anderson (1959) to contain hemagglutinin for rabbit red cells, was employed. Quantities of 0.1 ml of a 1:10 dilution of pus were inoculated into the chorioallantoic cavity of 7-to 10-day-old chick embryos and incubated at 37 C for varying periods of time. Allantoic fluids from the inoculated embryos were harvested on successive days after inoculation, placed in sterile vaccine vials, and stored at -20 C. The various fluids were titrated for hemagglutinin and fluid from the preceding passage exhibiting the highest titer of hemagglutinin was used as the inoculum for the next passage. One-tenth ml of the undiluted fluid and 0.1 ml of a 1:10 dilution of the fluid were inoculated into the allantoic cavities of separate groups of 7-day-old chick embryos, which were incubated and the allantoic fluid collected and stored as described above.
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quantities of doubling dilutions of allantoic fluid in 0.85 per cent NaCl were placed in roundbottom tubes measuring 7 by 75 mm. An equal volume of a 2 per cent suspension of rabbit erythrocytes was added to each tube. After 30 min incubation at room temperature, the tubes were centrifuged at 3500 to 4000 rpm. The centrifuge was allowed merely to reach maximal speed at which time it was shut off. The tubes were then examined for the presence of agglutination. However, when rat erythrocytes were employed in titrations, 0.25-ml volumes of saline dilutions of allantoic fluid and 0.25-ml volumes of a 2 per cent suspension of the red cells were inixed and the tubes incubated for 30 min at room temperature and examined for the characteristic pattern of the sedimented cells, without centrifugation.
Preparation of suspensions of normal rabbit and rat erythrocytes. Blood was collected from normal rabbits by cardiac puncture into the appropriate amount of 5 per cent citrate solution, the red cells separated by centrifugation, washed three times in cold physiological salt solution, and resuspended as a 2 per cent suspension. The latter suspension could be used for 2 successive days if kept in the refrigerator.
Two per cent suspensions of red cells from normal hooded rats were also used for hemagglutinin titrations and were prepared in essentially the same manner except that the blood collected by cardiac puncture was added immediately to a 1 per cent citrate solution, 4 ml of blood to 75 ml of citrate. The citrated blood was stored in the refrigerator and similar hemagglutinin titers were obtained with fresh 2 per cent suspensions made daily on 4 successive days.
Preparation of antisera. Rabbits were immunized with hemagglutinin from pus from a case of cat scratch disease adsorbed on to rabbit red cells, and to allantoic fluid containing hemagglutinin. For the former, 0.3 ml of washed, packed, rabbit red cells was mixed with 0.4 ml of pus 430 known to contain hemagglutinin, the mixture allowed to stand for 60 min at room temperature, centrifuged, and the packed cells washed 3 times in saline. A 5 per cent suspension of these sensitized red cells was prepared. Immunization consisted of four intravenous injections of 0.5 ml of the 5 per cent suspension at 2-day intervals followed by a fifth injection of 1.0 ml, 7 days later. The animals were bled 7 days after the last injection, the serum collected and inactivated at 56 C for 30 min.
Rabbits were also immunized with allantoic fluid from the second passage of the hemagglutinin having a titer of 1:2560. This fluid was diluted 1:5 with 0.28 M glucose, centrifuged at 14,360 rpm for 60 min in a Servall superspeed centrifuge, filtered through a Selas filter, and stored in sterile vials. As a control, another sample of this same fluid was diluted 1:5 in saline and handled as described for the glucose treated sample. Further control antigens used in the experiment consisted of allantoic fluid from normal uninoculated chick embryos treated as described above with glucose and saline. Immunization with all antigens was performed as described above for the "sensitized" red cells.
Preparation of glucose solution. Treatment of serum to remove inhibitor. Onetenth ml of serum was first diluted to 1.0 ml by addition of 0.9 ml of physiological salt solution after which 12 ml of acetone were added and the tubes centrifuged at 2,000 rpm for 3 min. The supernatant acetone was decanted. An additional 12 ml of fresh acetone were added to the precipitate which was stirred and shaken for 1 min prior to centrifugation at 2,000 rpm for 10 min. After decanting the acetone and allowing the precipitate to dry for 1 hr at room temperature, 0.92 ml of a mixture consisting of 7.6 parts of 0.02 M phosphate saline, pH 6.5, and 1.6 parts of 0.02 N HCl was added yielding a final volume of 1.0 ml of solution having a pH of approximately 6.5. This reconstituted mixture corresponded to a serum dilution of 1:10.
Remagglutination-inhibition titrations. Doubling-dilutions of the reconstituted serum were made in 0.25-ml volumes of saline. Twenty-five hundredths ml of a dilution of a glucose treated, strongly hemagglutinating allantoic fluid was added to each tube. This dilution was selected as the highest dilution exhibiting maximal agglutination and was kept in an ice bath until used. Immediately after the addition of this fluid 0.25 ml of a 2 per cent suspension of normal rabbit erythrocytes was added. The tubes were incubated at room temperature for 60 min, centrifuged as described for hemagglutinin titrations, and examined for hemagglutination. Hemagglutination-inhibition tests employing rat erythrocytes were performed in the same manner without centrifugation.
Herpes virus. The herpes virus used in this work was the CS strain isolated from a case of herpetic stomatitis in 1957 by Dr. George Anderson of the Ohio State Department of Health Laboratories. The virus was originally carried in HeLa cells producing typical cytopathogenic effects in 2 to 3 days. For use in this work the virus was adapted to chick embryos by passages in 6-day-old embryos by which time it killed all inoculated embryos after 3 days of incubation. Typical lesions were produced in the corneas of rabbits by inoculation of 0.1 ml of allantoic fluid from sixth passage embryos.
RESULTS
Pus from case XE-1 listed by Dodd, Graber, and Anderson was inoculated into 7-, 8-, 9-, and 10-day-old embryos which were examined for hemagglutinins for rabbit red cells on the succeeding days. Allantoic fluids from 7-day-old em-1960] Titrations were routinely performed by diluting allantoic fluids in 0.85 per cent NaCl. Table 3 shows that when 4 hemagglutinin-negative passage fluids were diluted first 1:4 in distilled water, and then diluted further in the usual way, inhibitor was effectively removed from two samples; had a slight effect on a third; and no effect on a fourth. This suggested that perhaps inhibitor was affected by the ionic concentration of the original diluent. When passage allantoic fluids were diluted 1:5 with the various concentrations of NaCl shown in table 4, subsequent dilutions being made with 0.85 per cent NaCl as usual, the best results were obtained with 0.9 per cent NaCl.
In lower concentrations, either "zones" of inhibition appeared or hemagglutination was not demonstrable at all. The general effect of concentrations above 0.9 per cent was to reduce or abolish hemagglutination.
A comparison of the results in tables 2 and 5 erythrocytes of hooded rats were added to glucose treated passage fluids and the mixtures allowed to stand for 30 min and examined without centrifugation. The red cells in the positive dilutions settled out in a "pattern" or "shield" as compared to the solid round "button" of cells in the control and negative tubes (figure 1). Titers with such tests were usually about the same as with rabbit erythrocytes. Collection of rat blood in a 1 per cent solution of sodium citrate as reported by Keeler (1952) Dilutions of glucose treated allantoic fluids containing 4 to 8 units of hemagglutinin were mixed with various dilutions of both normal human and rabbit sera and incubated at 37 C for ½j hr at which time rabbit erythrocytes were added, the mixtures incubated, centrifuged, and observed for hemagglutination. Inhibitor was demonstrated in all 7 rabbit sera tested at titers of 1:256 or higher, and in 6 of 8 normal human sera at titers of 1:2560. The inhibitor was removed from 6 normal and 1 immune rabbit serum prepared according to the method of Dodd, Graber, and Anderson (1959) inhibiting antibody at a titer of 1:160 was demonstrable in the serum of a rabbit immunized with glucose treated passage fluid containing hemagglutinin, whereas antiserum from an animal immunized with the same fluid previously treated with saline had no effect on hemagglutination. The control antisera to glucose treated and saline treated normal allantoic fluids demonstrated only the inhibition in low dilutions previously shown in acetone treated normal serum. These results indicate that inhibitor in allantoic fluid not only inhibited hemagglutination, but also interfered with the antigenicity of the hemagglutinin in rabbits, suggesting a very close association between this agent and inhibitor. All fluids used for immunizing were passed previously through a Selas filter and all sera were treated with acetone, reconstituted, and diluted in 0.85 per cent NaCl for testing. The data in table 9 show that hemagglutinating-inhibiting antibody was demonstrated also in another rabbit antiserum to the hemagglutinin at a titer of 1:40 and in 2 of 3 human sera from human cases of cat scratch disease. Also, 3 of 4 In contrast to the pathogenicity of herpes virus mentioned previously, the hemagglutinating virus described here did not kill embryos even after 7 passages; had no cytopathogenicity for cells in tissue culture; and did not produce herpetic-type lesions when inoculated on to corneas of rabbits.
DISCUSSION
The evidence presented here is not sufficient to associate this hemagglutinating virus with cat scratch disease other than its isolation from pus from three cases previously reported by Dodd, Graber, and Anderson (1959) to contain a hemagglutinin for rabbit red cells, and possibly the presence of hemagglutination-inhibiting antibody in the sera of two cases. The possibility that this virus represents a chance contaminant has not been completely excluded. Regardless of its antigenic similarity to herpes virus, its complete lack of similar pathogenicity would seem to distinguish it from herpes. However, work to be published by the present authors has shown that hemagglutination of rabbit and rat red cells by herpes simplex virus can be demonstrated by slight [VOL. 80 434 on August 30, 2017 by guest http://jb.asm.org/ Downloaded from modifications of the methods employed here to remove inhibitors, and antisera to both herpes virus and the agent described here contain inhibiting antibody.
The inhibitors found in allantoic fluid and serum which also inhibit hemagglutination by herpes virus are evidently not the same substance since glucose had no effect on serum inhibitor. However, they seem to be very similar to the inhibitor detected by Chanock and Sabin (1953) in mouse brain which prevented hemagglutination by St. Louis and Japanese B encephalitis viruses and which was removed also by glucose, and another in normal sera removed by acetone and hydrochloric acid. The principal modification of their methods required to demonstrate hemagglutination and inhibition by antibody with the virus described here was the substitution of unbuffered NaCl in titrations for the phosphate buffered NaCl, pH 6.8 which they employed. However, this difference may be due to inactivation of the hemagglutinin by the phosphate buffer rather than to any effect on inhibitor.
The data in tables 3 and 4 indicate that the ionic concentration of the original diluent of the allantoic fluid is important in the demonstration of hemagglutination and that its effect may be on either the inhibitor or the hemagglutinin. The effect of water or physiological saline was not consistent with all samples and suggests an effect of the former on both factors, whereas 0.85 per cent physiological NaCl apparently has no effect on inhibitor and seems to be optimal for further dilutions for titration. When various samples of the same infected allantoic fluid were diluted originally with various concentrations of NaCl and all subsequent dilutions made with 0.85 per cent NaCl ( Dodd, Graber, and Anderson (1959) without previous treatment of the pus with glucose and with the use of phosphate buffered NaCl suggesting differences in both hemagglutinin and inhibitor in human fluids in contrast to infected allantoic fluid.
Only preliminary data are available on these effects of diluents, other than glucose, on hemagglutination of rat erythrocytes, but these indicate similar effects of ions not only on the hemagglutinin and inhibitorput on the cell receptor as well. Such findings may possibly produce an explanation for the necessity for the centrifugation of rabbit cell suspensions to obtain agglutination by this virus. However, so far, this difference seems to be due to differences in the sedimentation properties of rabbit cells in allantoic fluid since control suspensions do not settle out in the typical "buttons." Further examination of the various factors involved may also explain the surprising lack of hemagglutination of red cells of white rats by this virus.
SUMMARY
A virus has been demonstrated by hemagglutination of rabbit and rat red cells in allantoic fluids from chick embryos inoculated with pus from human cases of cat scratch disease. An inhibitor was present in these fluids which prevented the demonstration and was inactivated or removed by treatment of the fluids with 0.28 M glucose. Another inhibitor, which was removed by acetone and hydrochloric acid, was present in all rabbit sera so far examined, and in most human sera. Hemagglutinin-inhibiting antibody was demonstrated in antisera to the agent; in sera of some human cases of the disease; and in antiserum to herpes simplex virus, after treatment to remove inhibitor. Allantoic fluid inhibitor also masked the antigenicity of the virus in rabbits. The virus is antigenically related to herpes simplex but even after passage was not virulent for chick embryos; was not cytopathogenic in tissue cultures; and did not produce lesions after inoculation onto rabbit cornea.
